
REMARKS 

Claims 1-5, 7, 9, 1 1-20, 24, 26, 28-33, 37, 39, and 41-66 are pending. Due to a 
restriction requirement, claims 46-61 are withdrawn from consideration. Claims 12, 28, 
and 41 are objected to under 37 C.F.R. § 1.75(c) as being of improper dependent form. 
Claims 1-5, 7, 9, 1 1-20, 24, 26, 28-33, 37, 39, 41-45, and 62-66 are rejected under 35 
U.S.C. § 1 12, first paragraph, for lack of a written description in the specification. 
Claims 1, 3, 5, 7, 9, 20, 24, 26, 28, 30-33, 37, 39, 41, 43-45, and 62-64 are rejected under 
35 U.S.C. § 112, first paragraph, for lack of enablement. Claims 1-4 and 16-19 stand 
rejected under 35 U.S.C. § 103(a) as being obvious over Nagai et al. (U.S. Application 
Serial No. 09/728,207, now allowed), in view of Yu et al. (Genes Cells 2:457-466, 1997) 
and Hirsch et al. (J. Virol. 70:3741-3752, 1996). Claims 1-5, 7, 9, 16-20, 24, 26, 28-33, 
37, 39, 41-45, and 62-66 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Flanagan et al. (J. Gen. Virol. 78:991-997, 1997) and Seth et al. (PNAS 95:101 12, 1998) 
in view of Yu et al. (Genes Cells 2:457-466, 1997) and Hurwitz et al. (Vaccine 15:533- 
540, 1997), and as evidenced by Ourmanov et al. (J. Virol. 74:2740-2751, 2000). Claims 
1 1-13 and 15 stand rejected under 35 U.S.C. 103(a) as being unpatentable over Flanagan 
et al. (J. Gen. Virol. 78:991-997, 1997) in view of Yu et al. (Genes Cells 2:457-466, 
1997), and Kast et al. (J. Immunol. 140:3186-3193, 1988). Claim 14 stands rejected 
under 35 U.S.C. § 103(a) as being unpatentable under Flanagan et al. (J. Gen. Virol. 
78:991-997, 1997) in view of Yu et al. (Genes Cells 2:457-466, 1997), and Kast et al. (J. 
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Immunol. 140:3186-3193, 1988) as applied to claims 1 1-13 and 15, and further in view of 
Boutillon et al. (U.S. Patent No. 6,015,564). Claims 1-4 and 16-19 stand provisionally 
rejected under the judicially created doctrine of obviousness-type double patenting over 
claims 1, 4, 5, and 13 of co-pending Application Serial No. 09/728,207, now allowed, in 
view of Yu et al. (Genes Cells 2:457-466, 1997) and Hirsch et al. (J. Virol. 70:3741-3752, 
1996). Applicants address each of these rejections and objections in turn below. 

Claim amendments 

Claims 1 and 3 have been canceled. 

Claims 2 and 5 have been amended to delete the recitation of "part." 

In claims 2, 5, 11, 16, 17, 20, 24, and 33, the term "Sendai virus vector" has been 
amended to "Sendai virus gene-transfer vector." Support for this amendment is found, 
for example, at page 13, lines 26-28, of the instant specification. 

Claims 5, 1 1, 20, and 33 have been amended to recite the term "gp41." Support 
for this amendment is found, for example, at page 22, lines 14-15, of the instant 
specification. 

New claims 67-72 have been added. Support for claims 67-71 is found, for 
example, at page 22, lines 33-35, of the instant specification. Support for claim 72 is 
found, for example, at page 3, lines 25-30, page 4, line 30 to page 5, line 3, page 17, lines 
1-12, page 49, lines 24-33, and in Figure 4 of the instant specification. 
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Applicants reserve the right to pursue any canceled subject matter in this or in a 
continuing application. 

Objection under 37 C.F.R. $ 1.75(c) 

Claims 12, 28, and 41 are objected to under 37 C.F.R. § 1.75(c) as being of 
improper dependent form for failing to further limit the subject matter of a previous 
claim. In view of the amendments to claims 1 1, 20, and 33, the objection should be 
withdrawn. 

Rejections under 35 U.S.C. § 1 12. first paragraph 
Written description 

Claims 1-5, 7, 9, 11-20, 24, 26, 28-33, 37, 39, 41-45, and 62-66 stand rejected 

under 35 U.S.C. § 1 12, first paragraph, for an asserted lack of a written description in the 

specification. In particular, the Office states (page 3): 

[T]he central issue under this rejection is the structure-functional 
relationship of the HTV/SIV proteins and the parts thereof, and whether the 
protein and the parts thereof have the capability of serving as a vaccine for 
HIV/SIV. (Emphasis original.) 

In support of its position, the Office cites to Matano et al. (AIDS 17:1392-1394, 2003) as 

stating that a full-length tat protein cannot induce or enhance a protective immune 

response. Applicants respectfully disagree. 

Regarding Matano et al., the Office refers to the third paragraph of column 2, page 
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1392 and concludes that "it is apparent SeV-tat failed to influence an anti- viral response 
since the same outcome was shown compared to the group giving DNA-prime alone ." 
Applicants submit that the Office still misconstrues what is disclosed in Matano et al. On 
this point Applicants note that one of the inventors of the instant invention, Dr. Tetsuro 
Matano, who is also one of the authors of Matano et al., explains the teachings of the 
Matano reference as follows. 

Before the experiments demonstrated in the Matano reference were performed, 
several types of Tat-based AIDS vaccines were reported to show protective efficacies in 
macaque AIDS models (see Matano et al., page 1392, column 1, third paragraph). 
Among the references cited as references 7-9 at page 1392, reference 7 (Cafaro et al., Nat. 
Med. 5:643-650, 1999; a copy of which is submitted herewith as Exhibit 1), discloses that 
induction of Tat-specific CTL response reduced setpoint plasma viral loads (SPVL). It 
was known that there was a statistically significant correlation between levels of vaccine- 
elicited CTL responses prior to challenge and the control of viremia following challenge 
(see, e.g., abstract of Barouch et al., J. Virol. 75:5151-5158, 2002; a copy of which is 
submitted herewith as Exhibit 2). Thus, induction of Tat-specific CTL response would 
lead to elevated levels of vaccine-induced viral-specific CTL and reduction of SPVL. 

The DNA-prime/SeV-Tat-booster experiments described by Matano et al. were 
performed under these circumstances. As described at the second paragraph of column 2, 
page 1392 of Matano et al., all the animals showed the induction of SHIV (simian/human 
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immunodeficiency virus)-specific T cells by DNA vaccination, and after the booster, the 
expansion of SHTV-specific T cells, particularly SHIV-specific CD4 T cells. Thus, the 
DNA-prime and SeV-Tat-booster induced Tat-specific T cell responses. The animals 
then were challenged with SHTV. Macaques vaccinated with DNA alone and those 
vaccinated with DNA/SeV-Tat showed reduced levels of setpoint viral loads and were 
protected from progression of AIDS, except that one animal in each group showed acute 
CD4 T cell depletion. 

Matano et al.'s results indicate that no significant differences were found in 
protection levels between the DNA- vaccinated and the DNA/SeV-Tat- vaccinated groups. 
This does not indicate that Tat cannot induce or enhance a protective immune response, 
but rather indicates that, after the DNA-prime alone reduced SPVL, the SeV-Tat booster 
failed to further reduce peak plasma viral loads. Indeed, SeV-Tat successfully induced an 
immune response specific to the immunodeficiency viral protein, repressed propagation 
of an immunodeficiency virus, and reduced SPVL. Furthermore, the Office focuses on 
one negative result instead of two positive results. The Matano reference does not deny 
effectiveness of Tat for the use recited in the present claims, as amended, and cannot be 
used to support the Office's position that not every HTWSIV or a fragment thereof could 
serve as an AIDS vaccine. 

Furthermore, the Office includes claims 11, 16, 17, 20, and 33, and their dependent 
claims, in the claims rejected as lacking a written description in the specification as filed. 
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However, Applicants note that these claims do not recite the use of a Sendai virus vector 
as vaccine as a claim limitation, and, therefore, should not have been included in the 
present written description rejection. In particular, if all the claim limitations are 
supported by the description of the specification, the written description requirement is 
met The immunodeficiency viral proteins and parts thereof recited in claims 11, 16, 17, 
20, and 33, and newly added claims 67-72 are supported by the instant description as 
evidenced by the following references submitted previously or at this time: Ourmanov et 
al., Hirsch et al., Boutillon et al, Geffen et al., Leung et al., NIAID's SPIRAT group, and 
Kano et al. (Gag, Pol, Env, gp41, and Gag-pol); Ensoli et al., Cafaro et al., and Matano et 
al. (Tat: two positive results vs. one negative result); Boutillon et al. and Ayyavoo et al. 
(Nef); NIAID's SPIRAT group (Rev); and Ayyavoo et al. (Vif, Vpr, and Vpu). 

In view of the above, the written description rejection should be withdrawn. 

Enablement 

Claims 1, 3, 5, 7, 9, 20, 24, 26, 28, 30-33, 37, 39, 41, 43-45, and 62-64 stand 
rejected under 35 U.S.C. § 1 12, first paragraph, for an asserted lack of enablement. To 
expedite prosecution, Applicants have canceled claims 1 and 3. The rejection of these 
claims is moot. 

In addition, claims 2, 4, 5, 7, 9, and 62 have been amended to limit the 
immunodeficiency viral proteins to Gag, Pol, gp41, and Gag-Pol fusion protein. The 
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Office states (page 5): 

[T]he specification supplemented by the state of the art, while being 
enabling for intranasally administering a sendai virus vector expressing a 
protein of an immunodeficiency virus selected from the group consisting of 
Gag, Pol, gp41, Gag-pol, does not reasonably provide enablement for 
obtaining a vaccine effect by intranasally administering a sendai viral vector 
expressing parts of Gag, Pol, gp41, Gag-pol proteins, or expressing the tat, 
rev, vap, vpx vpr vif nef proteins, and parts thereof. 

As claims 2, 4, 5, 7, 9, and 62 have been amended to be directed to subject matter that the 

Office deems to be enabled by the specification and the state of the art, Applicants submit 

that the enablement rejection of these claims, as amended, may be withdrawn. 

The other claims included in this basis for rejection, and the newly added claims, 

do not recite the use of a Sendai virus vector as a vaccine. As discussed above and as 

evidenced by the references listed above, these claims are clearly enabled by the present 

specification. 

Furthermore, the Office asserts that Applicants fail to address the concerns 
regarding genomic DNA of immunodeficiency virus as indicated at page 15 of the Office 
Action mailed on January 26, 2005. However, Applicants submit that the Office's 
concerns are addressed at the paragraph bridging pages 20 and 21 of the previous 
response. 

For all the above reasons, the rejection for lack of enablement of the present claims 
should be withdrawn. 
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Rejections under 35 U.S.C. § 103(a) 

Claims 1-4 and 16-19 stand rejected under 35 U.S.C. § 103(a) as being obvious 
over Nagai et al. (U.S. Application Serial No. 09/728,207, now allowed), in view of Yu et 
al. (Genes Cells 2:457-466, 1997) and Hirsch et al. (J. Virol. 70:3741-3752, 1996). As 
submitted in the previous response, Applicants will address this rejection, if appropriate, 
upon an indication of allowable subject matter by filing a statement indicating that U.S. 
Application Serial No. 09/728,207 and the present application were, at the time the 
present application was filed, commonly owned. 

Claims 1-5, 7, 9, 16-20, 24, 26, 28-33, 37, 39, 41-45, and 62-66 stand rejected 
under 35 U.S.C. § 103(a) as being unpatentable over Flanagan et al. (J. Gen. Virol. 
78:991-997, 1997) and Seth et al. (PNAS 95:101 12, 1998) in view of Yu et al. (Genes 
Cells 2:457-466, 1997) and Hurwitz et al. (Vaccine 15:533-540, 1997), and as evidenced 
by Ourmanovet al. (J. Virol. 74:2740-2751,2000). Claims 11-13 and 15 stand rejected 
under 35 U.S.C. 103(a) as being unpatentable over Flanagan et al. (J. Gen. Virol. 78:991- 
997, 1997) in view of Yu et al. (Genes Cells 2:457-466, 1997), and Kast et al. (J. 
Immunol. 140:3186-3193, 1988). Claim 14 stands rejected under 35 U.S.C. § 103(a) as 
being unpatentable under Flanagan et al. (J. Gen. Virol. 78:991-997, 1997) in view of Yu 
et al. (Genes Cells 2:457-466, 1997), and Kast et al. (J. Immunol. 140:3186-3193, 1988) 
as applied to claims 11-13 and 15, and further in view of Boutillon et al. (U.S. Patent No. 
6,015,564). To expedite prosecution, Applicants have amended the claims to replace 
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"Sendai virus vector" with "Sendai virus gene-transfer vector." In view of this 
amendment, as noted below, Applicants submit that the obviousness rejections should be 
withdrawn. 

At page 21 of the Office Action mailed on January 26, 2005, the Office states that 
Yu et al. teach that "the V(-) version appears to be excellent and almost comparable to the 
above noted W-based expression" (column 1, page 462) and concludes that Yu et al. 
teach that Sendai virus could be used as carrier for expressing a analogous viral protein, 
such as the immunodeficiency virus, in place of the vaccinia virus or interchangeably with 
other known viral vectors. It should be noted that, just after the sentence quoted by the 
Office, Yu et al. teach that "SeV-based expression is a novel, useful option for producing 
large quantities of gpl20 from mammalian cells." Furthermore, at Conclusions of 
Abstract, Yu et al. disclose "SeV-based expression serves as a novel choice for producing 
large quantities of HIV- 1 gpl20 and will greatly facilitate biochemical, biological and 
immunological studies of this important glycoprotein." It is clear from these teachings 
that Yu et al. disclose the use of Sendai virus as an expression vector. The sentence 
quoted by the Office merely compares Sendai virus with vaccinia virus as an expression 
vector. Yu et al. do not teach or suggest that Sendai virus can be used as a gene-transfer 
vector. 

In the absence of a teaching or suggestion that Sendai virus can be used as a gene- 
transfer vector, Applicants submit that one skilled in the art would not be motivated to 
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replace adenovirus taught in Flanagan et al. or vaccinia virus taught in Seth et al. with 
Sendai virus. 

The Office also asserts that Hurwitz et al. teach the advantage of using Sendai 
virus as a potential human vaccine (see Office Action mailed January 26, 2005, bottom of 
page 21). Indeed, Hurwitz et al. teach that Sendai virus itself can be used as an antigen. 
Nonetheless, Hurwitz et al. neither suggest nor disclose the use of Sendai virus as a gene- 
transfer vector encoding and expressing a heterologous viral protein. 

Similar to Hurwitz et al., Kast et al. teach that Sendai virus itself can be used as an 
antigen, but fail to teach its use as a gene-transfer vector. Nothing is disclosed about 
Sendai virus vectors in Flanagan, Seth, Ourmanov, or Boutillon. 

To establish a prima facie case of obviousness, the prior art references must teach 
or suggest all the claim limitations. As discussed above, none of the prior art references 
suggest or disclose the use of a Sendai virus vector as a gene-transfer vector. 

Furthermore, in response to Applicants' argument that Yu et al. fail to yield 
functional luciferase, the Office states that the problem in assessment appears not in the 
failure to yield functional luciferase, but over-production leads to "extensive aggregation 
of the expressed luciferase molecules in cells" (page 10, first paragraph of the present 
Office Action). This counterargument is not on point. The sentences quoted by the 
Office merely describe that a foreign gene can be readily inserted into the Sendai viral 
cDNA. Although Yu et al. describe the foreign gene insertion site in Sendai virus, a 
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luciferase gene inserted in the insertion site was overexpressed and the expression 
product was aggregated so as not to be functional. It is not important here to discuss the 
reasons for failure to obtain functional luciferase; what is important is the fact that 
functional luciferase could not be obtained regardless of the reasons. From the teachings 
of Yu et al. 5 it is questionable whether a Sendai virus vector encoding a foreign gene 
could produce a foreign gene product that is functional to induce an immune response 
specific to the product. If the product aggregates, an immune response specific to the 
intact form of the product may not be induced. Therefore, even if the teachings of Yu et 
al. are combined with those of the other prior art references, one skilled in the art would 
not have reasonable expectation of success for inducing an immune response specific to 
an antigen that is encoded and expressed by a Sendai virus vector. 

In view of the above, the rejections for obviousness over the cited art should be 
withdrawn. 

Rejection under the judicially created doctrine of obviousness-type double patenting 

Claims 1-4 and 16-19 stand provisionally rejected for obviousness-type double 
patenting over claims 1, 4, 5, and 13 of copending Application Serial No. 09/728,207, 
now allowed, in view of Yu et al. (Genes Cells 2:457-466, 1997) and Hirsch et al. (J. 
Virol. 70:3741-3752, 1996). Applicants respectfully request that the provisional rejection 
be held in abeyance until such time as allowable subject matter is identified. 
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CONCLUSION 



Applicants submit that the claims are now in condition for allowance, and this 
action is hereby respectfully requested. 

Enclosed is a Petition to extend the period for replying to the final Office Action 
for three months, to and including April 24, 2006, and a check in payment of the required 
extension fee. Also enclosed is a Notice of Appeal in which Applicants appeal the final 
rejection of claims 1-5, 7, 9, 1 1-20, 24, 26, 28-33, 37, 39, 41-45, and 62-66. 

Further, enclosed is a check in the amount of $200.00 in payment of excess claims 
fees for four (4) excess dependent claims added. 

If there are any additional charges or any credits, please apply them to Deposit 
Account No. 03-2095. 



Respectfully submitted, 





Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 



James DJDeCamp, Ph.D. 
Reg. No. 43,580 




Telephone: 617-428-0200 
Facsimile: 617-428-7045 



26 




EXfflBITl 
U.S.S.N. 09/823,699 

Control of SHIV-89.6P-infection of cynomolgus monkeys by 

HIV-1 Tat protein vaccine 



AUREUO CAFARO 1 , AOTONHIA Caputo* Claudio Fracasso 1 , Maria T. Maggiorelu 1 , 

Deua GoLErn', Silvia Baronceuu 1 , Monica Pace 1 ,. Leonardo Sernicola 1 , 
Martin L. Koanga-Mootomo 1 , Monica Betti 1 , Alexandra BoRSETn', Roberto Belli i 

LENNART AkERBLOM*, FRANCO CORRIAS 1 , STEFANO BUTT£>\ JonATHAN-HEENETT, 

Paola Verani 1 , Fausto Tim 1 & Barbara Ensou 1 

'Laboratory of Virology. Istituto Superiors <B Smith, 001 61 Rome, Italy; 'Department of Experimental and 

Diagnostic Medicine, University ofFerrara, 44100 Ferrara, Italy; 'Department of Virology, 
The National Veterinary Institute. Biomedical Centre, S-7S1 83 Uppsala, Sweden; ■'Department of Virology, 
" ' Biomedical Primate Research Centre. Rijswllk ZH 2288 GJ, The Netherlands 
Correspondence should be addressed to B.Bj email ensoli@Vintsl.net iis.il 

Vaccine strategic aimed at blocking vims entiy have so far failed to Induce protection against 
heterologous viruses. Thus, the control of viral infection and the block of disease onset may 
represent a more achievable goal of human Immunodeficiency virus (HIV) vaccine »t«tegi«. 
Here we show that vaccination of cynomolgus monkeys with a biologically active HIV-1 Tat 
protein Is safe, elicits a broad (humoral and cellular) specific immune response and reduces in- 
fection with the highly pathogenic slmlan-human immunodeficiency virus (SH1V)-*9.6I» to un- 
detectable levels, preventing the CD4* T-cell decrease. These results may provide new 
opportunities for the development of a vaccine against AIDS. 
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Most AIDS vaccine strategies (reviewed in refs. 1, 2) have failed 
to protect against heterologous viruses because of the HIV-1 
Envelope strain variability** 5 . Vaccines with live attenuated 
viruses can protect against heterologous viruses 1 however, 
delayed disease onset and the appearance of revertant 
viruses 9 " 11 hamper their use in humans. 

We chose to target the Tat protein of HIV because Tat is pro- 
duced early after infection and is essential for virus replication 
and tafectivity M - M . In additioa Tat is released extracellularly by 
infected cells 13 " 18 and is taken up by neighbor cells where acti- 
vates virus replication 14 * 1 '- 20 . Extracellular Tat also favors trans- 
mission of both macrophage-tropic and T cell-tropic HIV-1 
strains by inducing CCR5 and CXCR4 co-receptors* 1 ***. Tat is 
also essential in the pathogenesis of AIDS pathogenesis and 
AIDS- associated Kaposi's sarcoma 1 ^* 1 W3 " 30 . 

Tat is also immunogenic, and antibodies against Tat may 
have protective effects in controlling disease progression 3 *-* by 
inhibiting both the effect of extracellular Tat on HIV replica- 
tion 16 - 33 and its immunosuppressive effects on T cells", 
furthermore, the presence of anti*Tat cytotoxic T lymphocytes 
(CTLs) in the initial phase of Infection correlates inversely with 
progression to AIDS (refs. 35-37). Tat protein is efficiently taken 
up by "cells 1 * 1 " 1 ' 31 " and can induce CD 8* T cell-mediated CTL- 
responses by entering the major histocompatibility complex 
(MHC) class I pathway 39 . Finally, Tat Is conserved in its im- 
munogenic epitopes among the different subtypes, with the 
exception of the O subtype 40 . 

Thus, although a Tat vaccine cannot block virus entry, 
the immune response to Tat may control virus replication and 
transmission. As a result, the Infection could be confined 
and progression to AIDS could be blocked, as has been 
suggested 41 . 
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Vaccination of cynomolgus monkeys with Tat 
We immunized seven cynomolgus monkeys {Macaca fasdcu- 
laris) with a biologically active Tat protein 17 (Table 1). Six mon- 
keys were immunized subcutaneously with Tat (10 ug) and the 
adjuvant RIBI (RIBI; n = 3) or the adjuvant aluminum phosphate 
(alum; n = 3), and one monkey, with Tat (6 ug), intradermally, 
in the absence of adjuvants. Two control monkeys were injected 
subcutaneously with either RBI or alum alone. A naive monkey 
was Included in the protocol at the time of challenge as an addi- 
tional control. Boosts were given at 2, 6, 11, 15, 21, 28, 32 and 
36 Weeks after the first immunization. The last boost was given 
intramuscularly with Tat in immune-stimulating complexes*. 
Monkey 54222, immunized intradermally, was vaccinated on a 

Table ^ Vaccination protocols 



Monkey 


Immunogen 


Adjuvanc 


54344 


Tat protein 


RIBI (250 lit) 


5487? 


(10jig/250>il) 




54963 






54899 


Tat protein 


alum (250 pf) 


55396 


(1 o pg/250 




54240 






54222 


Tat protein 






(6 jig/300 nl) 




55123 


buffer 


RIBI (250 pit) 




(250 uL) 




55129 


buffer 


alum (250 |il) 




(250 nl) 




12 


None 


None 



Administration 

SC, 500 jil in one site 
(dorsal area, near the neck) 

SC, 500 uJ in one site * 
(dorsal area, near the neck) 

ID, 1*50 u.1 in two sites 
(upper dorsal area) 

SC, 500 Hi In one site 
(dorsal area, near the neck) 

SC, 500 ul in one sits 
(dorsal area, near the neck) 



Sik macaques were immunized subcutaneously (SQ with Tat in »Hna containing 20% 
autologous serum and RIBI or alum. One monkey was vaccinated iniradermaliy (ID) 
with Tat. Control monkeys received WBl or alum alone. Monkey 1 2, control of the virus 
Inoculum at the time of challenge. 
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Fig. 1 Humoral responses to Tat. <x, 
Titers of antibody against Tat after the first 
rrnmuniiation (weejc 0). Monkeys were 
inoculated with: a, RIBI + Tat 54S44 (O), 
54879 <p), 54963 (A) or RJBI alone 
55123 (O); b, alum + Tat: 54899 (OX 
55396 CP), 54240 (A) or alum alone: 
55129 (O); or c Tat alone: 54222 (A). 
Titers represent the reciprocal of the last 
plasma dilution ac which the test was still 
positive, tf-e, Percentages of Inhibition by 
plasma (1 :Z dilution) from vaccinated 
monkeys of the rescue of Tat-defectlve 
provlruses induced by 60-500 ng/ml Tat. 
Plasma obtained at week 21 after immu- 
nization. Macaques were vaccinated with; 
d, R1B1 + Tat 54844 (O), 54879 {□), 
54963 (A); or e, alum +Tat 54899 (O), 
55396 <□), 54240 (a). Controls (O), 
pooled pre-immune plasma from the 
corresponding groups. 




0 2 



O i O v 

6 11 15 21 29 n 36 
Weeks after Immunization 



Tat 



§ 

i 

Q 

o 



iooo 



100 



12 11 M 27 W M 
Weeks after Immunization 



-e> 

4ft 



Alum + Tat 
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Weeks after Immunization 
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| 




60 120 240 500 

Amount of exogenous Tat (ng/ml) 



I- 

IB 

* 



-3 



20 



slightly different schedule (on weeks 0, 5, 12, 17, 22, 27, 32, 38, 
42 and 43) and did not receive the boost of Immune-stimulat- 
ing complexes. 

No signs of local or systemic toxicity were seen at the time of 
vaccination, and clinical laboratory tests (blood cell counts, 
blood chemistry and FACS analysis), done each time blood was 
drawn, were always In the normal range (data not shown). 

Humoral and cellular responses to Tat after vaccination 
The six monkeys inoculated with Tat and RIBI or alum sexocon- 
verted by week 6 after the first immunization, and the antibody 
titers increased up to 1:25,600 in all monkeys Immunized with 
Tat and alum, and up to 1:12,600 in the monkeys Immunized 
with Tat and RIBI; these titers remained stable up to 50 weeks 
after the first Immunization (Fig. la and b). Monkey 54222 
(given Tat intradermally) developed low titers of antibodies 
against Tat (1:100), which were detected up to 32 weeks after 
immunization (Fig. lc). 

Table 2 Tat-specrfic CTLs and TNF-ft production In vaccinated monkeys 



Alum + TAT 



ea 130 *« »0 

Amount of exogenous Tat (ng/ml) 



Croup 



RIB1 + Tat (1 Ojig, SO 



ALUM + Tat (1 0u.g, SQ 



Tat (6ug, ID) 
Control (RIBI) 
Control (alum) 



Monkey 



54844 
54879 
54963 
54699 
55396 
54240 
54222- 
55123 
55129 



Specific killing (%)* 
Week 28 Week 36 



TNF-a(pg/rol) b 
None PHA Tat 



50;1 
4.7 
ND 
0 . 
4.7 
1.1 

1.2 
NO 
ND 



25:1 
4.1 
ND 
0 

3.9 
1-1 
2.6 
0 

ND 
ND 



50:1 
14.4 
ND 
. 0 
15 
0 

ND 
ND 

0 

0 



25:1 
8.8 
ND 
0 

8.3 
1 

2.6 
12.4 - 

0 

0 



*Mti-Tat CTL activity of PBMCs Anti-TM CTL acrMry of PBMO at S0;1 and 25:1 effector: target ration, weeks 28 and 36, 
after Immunization. Values greater than 1 0% were considered positive. Monkey 54879 could not be tasted because &»een 
transformation with Paplo herpesvirus failed despite several attempts. TNF-a production from PBMO obtained at week 44 
after Immunization; values represent the average of duplicate wens. Values below cut-off (1 5 j5 pg/mQ were given a value of 
0. "Weeks 22 and 32 after immunization; ' 1 2J:1 effectontorget redo. ND, not done; 5C, suhcmaneously; ID, Intradermal!/. 



In addition, at week 21 after immunization, plasma from the 
six macaques inoculated with Tat and RIBI or alum were capable 
of neutralizing the activity of 120-500 ng/ml of Tat on HIV-1 
replication, compared with pre-immune plasma (Fig. ld-e), as 
shown by the Inhibition of the rescue of Tat-defectlve 
provlruses induced after the addition to the cells of serial con- 
centrations of Tat (refs. 16,17,20), 
Furthermore, at week 44 after immu- 
nization, plasma from monkeys 
54963 (given RIBI and Tat) and 
54899 and 55396 (given alum and 
Tat) were capable of neutralizing -the 
replication of the SHIV89.6P after in 
vitro acute infection of CEMX174 
cells, compared with' pre-immune 
plasma (data not shown). In both as- 
says, neutralization correlated with 
the titers of antibody against Tat 

Tat-specific proliferation was seen 
in three of three monkeys vaccinated 
with Tat and RIBI (Fig. 2a-c) and in 
three of 'three vaccinated with Tai 
and alum (Fig. 2e-g), whereas no re- 
sponse was detected in the macaque 
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vaccinated intradermal^ with Tat alone 
(data not shown) and in the control mon- 
keys (Hg. 2rfand2/t). 

Specific anti-Tat CTL activity began to be 
detectable in the vaccinated monkeys at 
week 28 after immunization, but only 
reached levels above the cut-off (10%) at 
week 36 in one of two macaques vaccinated 
with Tat and RIBI, in one of three monkeys 
vaccinated with Tat and alum and in the 
monkey vaccinated with Tat alone (intrader- 
maUy) (Table 2). Although at week 28 mon- 
key 54240 (given alum and Tat) showed 
detectable but low (below 10%) CTL activity, at week 36 the 
test was inconclusive. 

To confirm and extend these data, at week 44 after immuniza- 
tion, we tested the production of tumor necrosis factor-a (TNF- 
a), a known mediator of CTL activity 43 - 16 , after stimulation of 
peripheral blood mononuclear cells (PBMCs) with Tat or phyto- 
hemagglutinln (PHA). Monkeys 54S79 and 54240 (for which 
CTL activity could not be tested or was Inconclusive, respec- 
tively) and the monkeys that showed anti-Tat CTL activity all 
produced 



Table 3 TNF-a production by CDS" and CD8" cells after Tat stimulation, and 



Group 


Monkey 


TNF-ci (pg/m!) 


COB' cells (%) 






CD8- cells 


CDS* cells 
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CD37CDS- CD37CD8* 
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22 


88.6 
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(10ug, SQ 
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54240 
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94.5 



Week 44 after immunization. Percentage of total CDS" cell*, CD37CDS* T cell* and CD37CW NX cells, 
subeutaneously. \ 
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TNF-a after Tat stimulation (Table 2). In contrast, monkeys lack- 
ing CTL activity, including the control monkeys, produced 
TNF-a after stimulation with PHA but not with Tat (Table 2). 

To determine the cell source of TNF-a after Tat stimulation, 
we separated PBMCs from three of the five responsive monkeys 
(54B79, 54899 and 54240, for which cells were available) into 
CDS" and CDS* subsets and evaluated Tat-induced TNF-a pro- 
duction separately in the two cell fractions, which we also ana- 
lyzed by FACS. The main source of TNF-a (-90%) was the CDS' 
cell fraction, which was mostly (range, 85-94.5%) T cells 
(CD37CD8-) with a minority (range, 5.5-15%) of NK 
cells (CD3-/CD8-)(Table3). 

From week 11 or 15 after primary immunization, skin 
tests to Tat produced positive results in two of three 
monkeys inoculated with Tat and RIBI ( 54879 and 
54963) and in three of three monkeys inoculated with 
Tat and alum (data not shown). Monkey S4222 (given 
Tat intradennally) did not show any reactivity to Tat. All 
monkeys responded to the recall antigen tetanus toxoid. 
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Weeks after Immunization 
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Challenge with SH1V89.6P 

We used SHIV-89.6P for the virus challenge because it is 
highly pathogenic in macaques and because it contains 
the tut gene of MiV-1 (ref, 47). The virus stock used for 
challenge was derived from a cynomolgus macaque 
inoculated with the original SHTV89.6P from rhesus 
monkeys. 

To determine virus pathogenicity in cynomolgus and 
the monXey infectious dose (MID^), we inoculated virus 
stocks obtained from rhesus and cynomolgus macaques 
into six and eight monkeys, respectively. There were 
high levels of virus replication and a profound and per- 
sistent decrease in CD4 T cells in all monkeys inoculated 
with each virus stock (from 2,852 to 2.8 MTDso) (data not 
shown), as described 47 . Therefore, we challenged all vac- 
cinated macaques and the two control monkeys intra- 
venously with 10 \GD W of SHIV-89.6P- As an additional 
control, we inoculated a naive monkey (12) with 2.8 
MIDa of the virus, a dose lower than the challenge dose. 




1 s^*^fc* 

' <T i (t"iV a ii a a Js * ■ 
Wcekx after Immunization 



Rg. 2 LymphoprofiferauVe responses, Tat tetanus toxoid. 
Monkeys were inoculated with: tK, RLSI ♦ Tat; d, RIB I alone (con- 
trol)? alum + Tat; or h, alum alone (control). Vertical axis, fold 
of proliferation (measured by *H-thymidine Incorporation) of anti- 
gen-stimulated cells compared with unstimulated ceils (stimulation 
Index); values greater than 3 (cut-off) were considered positive. 
Monkey 54222, inoculated with Tat alone, responded to tetanus 
toxoid (fivefold to tenfold) but not to Tat (data not shown). 
Response to PHA, positive control (stimulation Index s 4). 
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Fig. 3 Detection of viral 
Infection up to 28 weeks after 
challenge with SHfV.89.6P. 
c*-c, Detection of p27 'antigen- 
emla'. rf-f, Detection of plasma 
viremia (SH1V RNA copies/ml 
plasma). Monkeys were inocu- 
lated with: a and d. RlBI * Tat 
54844 (O), 54879 (□), 54963 
(A); b and e, alum +Tac 54899 
(O), 55396 (□), 54240 (A); or 
cand f, RlBI alone: 55123 (O), 
alum alone: 55129 (□> or 
nothing: 12 (A). 
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After challenge, all three control monkeys were infected, as 
indicated by the presence of p27 antigen (Fig. 3a-c) and viral 
RNA (Fig. 3d-fl In plasma. In contrast, only two vaccinated 
monkeys (54963, given Tat and RIBL and 5S396, given Tat and 
alum) were infected, as shown by both assays (fig. 3). For the 
other five vacanees, including monkey 54222 (given Tat 
alone), p27 and viral RNA were always undetectable. Moreover, 
PBMCs from both the control macaques and the two vacci- 
nated, Infected monkeys had a high provlral copy number from 
week 2 after challenge (Fig. 4a-c). One other macaque (54B79, 
given Tat and RlBI), had a very low proviral copy number (1,5 
copies/^" DNA) only at week 14 after challenge and not later 
(Fig. 4a-c). In contrast, in all the other vaccinated monkeys, in- 
cluding monkey 54222 (given Tat alone), proviral DNA was al- 
ways undetectable. 

The control monkeys and the two vaccinated and infected 
monkeys (54963 and 55396) also had consistently high levels 
of cell associated viral load (cytovtremia) (Fig. 4(H)- In con- 
trast, the other five vaccinated macaques were always negative, 
including monkey 54222 (given Tat alone). Moreover, each at- 
tempt to isolate virus (done since week 14 after challenge) from 
PBMCs depleted of CDS" T cells and stimulated with PHA from 
these five monkeys failed (Fig. 4). 

To verify that infection had occurred also in the 'protected' 
monkeys, we did serological assessments. Antibodies against 
SIV were detected in all the macaques from week 2 or 4 after 
challenge (Fig. 5). Control monkeys had the highest titers (at 
least 2 logs higher) and these Increased rapidly compared with 
those of the vaccinated monkeys. The two infected, vaccinated 
monkeys, however, had higher titers than the five 'protected' 
monkeys, but these were delayed compared with those of the 
control monkeys. Moreover, in the five 'protected' monkeys, 
titers of antibody against SIV became undetectable from week 
14 or 18 after challenge. Antibodies against the HTV-1 Env of 
SHIV89.6P were detected in plasma from three of three control 
monkeys and in the two vaccinated and infected monkeys, but 
not in the other monkeys (data not shown). However, they 
were detected by in vitro antibody production in the super- 



natants of cultured PBMCs stimulated with mitogen pokeweed 
(PWM) from all the monkeys, with the highest titers in the 
control monkeys (data not shown). Thus, Infection probably 
had occurred In all monkeys after challenge; however, in five of 
seven vaccinated monkeys, it was kept at a very low or unde- 
tectable level. 

Consistent with these data, the CD4* T-cell counts decreased 
considerably In both the control, monkeys and the two vacci- 
nated and infected monkeys, whereas they remained high and 
stable in the five 'protected' macaques (Fig. 6), An Increase in 
CDS' cells was detected in all monkeys after challenge. 
However, at week 23 or 28 after challenge, the number of CD 8* 
lymphocytes returned to values similar to values before chal- 
lenge (Fig. 6). 

Discussion 

These data Indicate that Immunization with a biologically ac- 
tive Tat protein is safe and induces a complete Tat-specific im- 
mune response. Vaccination with Tat controlled (up to 28 
weeks after challenge) infection with the highly pathogenic 
virus SHIV-S9.6P in five of seven vaccinated monkeys. In these 
monkeys, the CD4 r T-cell numbers did not decrease after chal- 
lenge, confirming that the Tat vaccine blocked virus replication 
and, consequently, prevented the CD4* T-cell decrease. All para- 
meters of virus replication and a profound CD4 T-cell decrease 
were seen in all the naive monkeys {n = 16, including the con- 
trols of the vaccination protocol) inoculated in our lab with dif- 
ferent MIDso (from 2,852 to 2.852) of SHIV89.6P (grown in 
Rhesus or in cynomolgus), except in five of seven of the Tat-vac- 
cinated monkeys. 

Although high titers of neutralizing antibodies against Tai 
were present in all vaccinated monkeys (except for rnonke? 
54222, inoculated with Tat intradermally), two of three of the 
monkeys capable of neutralizing both Tat activity and in Wrrc 
SH1V replication were infected after challenge. No virus was de- 
tected in the monkey inoculated with Tat alone, which had lo* 
antibody titers. In contrast, anti-Tat CTLs and/or Tat-lnducec 
TNF-a production were found in all 'protected' monkeys, bu 
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Fig 4 Detecti on of viral 
infection after challenge 
wich 5HIV-89.6P. o-c 
Quantitation of the SIV provi- 
ral copy number (copies/ug 
DNA) up to 2a weeks after 
challenge. &-t ( Cytoviremia 
(infected cells/1 0* PBMCs) 
or virus isolation up to 23 
weeks after challenge. Prom 
week 14 after challenge, all 
monkeys negative in cy- 
toviremia were tested for 
virus Isolation (instead of cy- 
toviremia) after CDS- T-cell 
depletion and stimulation 
with PHA and rhlL-2. and the 
results were always negative. 
Monkeys were inoculated 
with: a and d, RlBt + Tat: 
54844 (O), 54879 (□), 
54963 (A); b and e, alum + 
Tat 54899 (O), 55396 (□), 
54240 (A); or c and f. RJBI 
alone: 55123 (O), alum 
alone: 55129 (Q) or nothing: 
12 (A), c, For monkey 12 
(control monkey inoculated 

with 2.8 MIDjo of SHIV), DNA PCR was also positive at week 2, however, 
the proviral copy number was not determined, f, Before week 23, rnon- 
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was always tested by virus isolation and results were always 
(data not shown). 



they weie undetectable in the two infected, vaccinated mon- 
keys. Most of this TNF-ct originated from the CDS' T-cell subset, 
continuing that CTLs detected in the monkeys belong to this 
cell type 39 . 

The low levels of the antl-Tat CTLs detected before challenge 
in our monkeys are not surprising, because although Tat-spe- 
riflr CTLs responses can interfere with disease progression 36 , the 
CTL levels are generally much lower and therefore are not corn- 
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parable with those detected against other viral proteins such as 
Gag, Pol or Env (refs. 36,37 ,4&-50). 

These data indicate that a cellular response to Tat may be In- 
volved in controlling infection, as suggested by previous work 36 
and by data showing an inverse correlation becween the pres- 
ence of CTLs and H1V-1 viral load 50 . However, these data do not 
exclude the possibility of a role for antibodies against Tat in 
controlling infection and progression to AIDS. In particular, 
the two vaccinated, infected monkeys had slowly increasing 
and lower titers of antibodies against SIV or HIV, compared 
with those of the control monkeys, indicating that neutralizing 
antibodies against Tat may interfere with virus replication. 

An AIDS vaccine based on Tat represents a strategy aimed at 
controlling HIV replication and at modifying the virus-host in- 
teraction that leads to progressive immunodeficiency and dis- 
ease onset. However, the immune response against Tat cannot 
block virus entry. In fact, it is likely that a low level and/or 
abortive infection has occurred also in the five 'protected' 
monkeys, as Indicated by the presence of transient and low 
titers of antibody against SIV. 

Sera from HIV-1-lnfected Ugandan patients, infected with the 
A and D subtypes of HIV-; (ref. 51), recognize our Tat protein 
(derived from an HIV-1, subtype B strain) (S.B. et ah, unpub- 
lished data), which indicates that Tat is sufficiently conserved 
to be an optimal vaccine target against infection with all or 
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Fig. S Titers of antibody against HIV-2/5IV up to 28 weeks after challenge 
with SH1V-89.6P. Monkeys were Inoculated with: a, RIBI + Tat: 54844 (OX 
54879 (D), 54963 (A); b, alum + TaC 54899 (OX 55396 (□), 54240 (A); 
C Tat alone: 54222 «>>; or d, RIBI atone: 55123 (OX alum alone: 55129 
(□} or nothing: 12 (A). Titers represent the reciprocal of the last dilution at 
which plasma were still positive. 
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fig. 6 CD4*and CD8* T-cell counts up to 23 weeks after 
challenge with SHrV-89.6P. a t c, e and j. Numbers of CD4* 
T celU/u.1; A, <# ,/ and ft. Numbers of CDS* T cells/Ml. 
Monkeys were inoculated with; a and b, RIBI t Tat 54844 
CO); 54879 (D), 54963 (A); c and d, alum i-Tat 54*99 
(O), 55396 P), 54240 (A); e and f. Tat alone: 54222 CO); 
org and h, RIBI aone: 55123 COX alum alone 55129 (□) 
or nothing: 1 2 (A), 
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most viral strains. Because Tat delivered as DNA 
or as a Tat toxoid Is safe and immunogenic Jn an- 
imals and humans^*-"-", Tat, alone or combined 
with other viral products, may represent an opti- 
mal target for AIDS vaccine development for both 
preventive and therapeutic applications. 

Methods 

Animals. Adult cynamolgus monkeys (Macaco fasdajlatls) 
were housed In single cages within level 3 biosafety facilities 
according to the European guidelines for non-human pri- 
mate care (ECC, Directive No. 86-609, Nov. 24, 1986). 
Monkeys were examined and their weights and rectal tem- 
peratures were measured white they were sedated by keta- 
mine hydrochloride anaesthesia (1 0 mg/kg). Blood samples 
far hematological, immunological and virological analysis 
were obtained In the morning before food administration. 

HlV-1 Tat protein expression, purification and Inocula- 
tion. H1NM Tat from the HTIV-II1B isolate (subtype B) was 
expressed In Escherida coft purified to homogeneity by he- 
parin-affinity chromatography and high-performance liq- 
uid chromatography and stored lyophlllzed at -80 D C as 
described 17 . Purified Tat had full biological activity In sev- 
eral assays 1 *" 17 . As Tat is sticky, oxydlzes easily and is photo- 
and therm o-sensitive 1 *, It was resuspended in degassed 
buffer before use fn wW or in saline containing 20% of 
autologous serum for monkey injection- Plastlcware, sy- 
ringes and needles were rinsed In medium containing 1 0% 
fetal carf serum (PCS) or in saline containing 20% autolo- 
gous serum, and all of these procedures were done in the 
dark with samples on Ice. 

Adjuvants. RIBI containing monophosphoryi lipid A trehalose dimyeolate, 
cell wall skeleton in on (squalene) and Tween 80 was obtained through the 
European Concerted Action on Macaque models for AIDS Research from 
the AIDS Reagent project (National Institute for Biological Standards and 
Control, Potters Bar, UK). Alum Calumlnum phosphate) was a gift from P. 
Frezza (Hardts, Naples, Italy). Immune-stimulating complexes containing 
the Tat protein (80 jtg/ml) were prepared with a described procedure 0 . 
ELISA and western blot analysis were done to confirm the co-localization of 
the immune-stimulating complexes with the Tat protein (data not shown). 

Detection of antibodies against Tat. Polyvinyl chloride microticer plates 
were coated with Tat (1 00 ng/200 p.! per well of 0.05 M carbonate buffer, 
pH 9.6) for 1 2 h (4 "Q and extensively washed with PBS without Ca 2 - and 
Mg fc containing 0.05 % Tween 20 (PBS/Tween). Plasma, 200 jil diluted in 
.buffer t was then added to each well in duplicate. Plates were incubated for 
90 mln (37 "Q, washed five times with PBS/Tween and 1 00 ]i\ horseradish 
peroxidase-conjugatad secondary antibody (Sigma) diluted 1:1,000 in 
PBS/Tween (containing 1% BSA) was added for 90 min (37 °Q. After ex- 
tensive washing of the plates, 100 uJ peroxidase substrate (ABTS 1 mM, 
Amersham Pharmacia Biotech, Milan, Italy) was added and the absorbance 
at 405 nm was measured with a spectrophotometer. A rabbit polyclonal 
antiserum against Tat; used at serial twofold dilutions (1:200-1:6,400), 
was the positive control. Monkey prelmmune plasma (diluted 1:50 and 
1:1 00) was the negative control. The mean of the negative controls + 3 
standard deviations represented the cut-off value. The minima! plasma di- 
lution used was 1 :50. 



Neutralization of Tat activity on HIV replication by the rescue assay .Tat 
activity was measured by the rescue assay In which the replication of Tat- 
defectlve HlV-1 provinces Is Induced by serial concentrations of Tat added 
to HLM-1 cells (Hel_a CD4* cells containing a Tat-defective HIV-1 provlrus) 
as descrlbed ,fclT '* , . Growth medium (300 pi) containing either preimmune 
or immune plasma (1 :2 dilution) were added to each well (in duplicate). 
Supernatant* were collected 48 h later and p24 Cag content was deter- 
mined by an antigen capture assay (NEN). 

Lymphoprofifenitive responses. PBMCs were purified from dtrated pe- 
ripheral blood on a Ficoil gradient with a standard procedure. PBMCs (2 x 
1 0 3 In 1 00 uJ of growth medium) were plated with 1 00 pi of medium, PHA 
((2 ug/ml); Murex Biotech Limited, Datford, UK), tetanus toxoid (5 ng/mf) 
or Tat (5 ug/mD each in triplicate wells. After 5 d, 1 \iQ ^-thymidine was 
added and the radioactivity In samples was measured 1 6 h later with a 
Betaplate (Waliac, Turku, Finland). 

CTL assay. PBMCs were seeded (5 x lOVwell in OS ml complete medium) 
In a 24-well plate with Tat (1 jig). One day later, 5x10" PBMCs were incu- 
bated for 3 h with Tat (1 ug), washed twice and added to the wells contain- 
ing the PBMCs stimulated previously. On day 2, 2 ill of recombinant humar 
1L-2 (rhIL-2) was added to each well* Half of the supernatant was replaced 
with medium containing rhIl-2 twice each .week. On day 14, cells were col- 
lected, counted, resuspended in growth medium containing 1 mM sulfin- 
pyrazone (Sigma) and seeded (96-well round-bottomed plates) at seria 
twofold dilutions (In duplicate) (effectors). The day before the assay, hep 
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pes virus Paplo-transformed autologous B .lymphocytes 11 were pulsed 
overnight with or without Tat (4 y.g/1 0 s cells targets), labeled with the 
fluorescence-enhancing ligand bis (acetaxymethyl 2 l 2 , :6 l ,2 i -terpyridlne- 
6,6 fl <KcarboxyLate (BATDA) according to the manufacture/* Instructions 
(Oelfia; Wallac Turku, Finland)(ref. Sfi), and 5 x 10 a cells were added to the 
effectors. After 2 h, 20 jil of supematants were mixed with 200 ul of 
Europium solution, and fluorescence was measured after 20 mln with a 
time-resolved fluorescence reader fVlctor; Wallac, Turku, Finland). The per- 
cent specific lysis was calculated for each effectottcarget ratio as follows: 
(test release-spontaneous release>/(maximum release-spontaneous re- 
lease) x 1 00. The percent specific lysis against unpulsed autologous B lym- 
phocytes was calculated and subtracted from the percent specific lysis 
against the Tat-pulsed targets. The assay was considered positive for values 
exceeding 1 0%. 

TNF-a production in PBMCs, CDS* or CD8"T cells after Tat stimulation. 
PBMCs were seeded (in duplicate wells) In a 24-weil plate in 1 ml complete 
medium (1x10* cells/ml) and stimulated with PHA (2 ug/ml) or Tar. (5 
Hg/mD- After 2 days, 1 00 jil of the cell supematants was collected, and TNF- 
cc production was measured by BJSA as suggested by the manufacturer 
(Cytoscreen Monkey for TNF-cc Biosource, CamartHo, California). 

To determine the cell source of TNF-a production, unfractionated 
PBMCs were seeded in a S-well plate in 4 ml complete medium (2x10* 
cetls/m!) and stimulated with Tat (5 ug/ml). After 2 d, cells were washed, 
counted and separated into CDS* and CDS* cells using Dynabeads (Dynal, 
Oslo, Norway) following the manufacturer's Instructions. The purity of tha 
cell populations was evaluated by three-color FACS analysis using mono- 
clonal antibodies against CD3, CD4 and CDS . CDS" and CD8* cells were 
separately placed (5 x 1 0 4 cells/well) In a total volume of 200 ul in a U-bot- 
tomed 96^ell plate In the presence of 2 U/ml of iL-2. Supematants (1 00 ul) 
from the two different cell populations were collected after an additional 24 
h, and TNF-a production was evaluated by ELISA. 

Skin tests for tetanus toxoid and Tat PBS containing 0.1 % BSA (1 50 ul) 
alone (negative control) or with tetanus toxoid (7 ug) or Tat (5 or 1 jig) was 
Injected intradermalry on a shaved area of the upper back. Monkeys were 
assessed at 24, 48 and 72 h after this Injection, The test was considered 
strongly positive (++) or positive (+) in the presence of induration and ery- 
thema with a diameter of 53 mm or 1-4 mm, respectively. Erythema with- 
out induration or erythema < 1 mm were considered weakly positive (t) or 
negative (-), respectively. 

Generation of 5HIV-69.6P virus stock, and In vivo and in vivo titration. 
To prepare the virus stock, the parental 5HIV-89.6P (ref. 47) (obtained from 
N, Letvin, Harvard Medical School, Boston, Massachusetts) was used to In- 
fect a cynomolgus macaque. At day 14 after Infection, the monkey was 
killed and total or CDS" T cell-depleted cells obtained from spleen and 
lymph nodes were stimulated in vitro with PHA (2 ug/mD and cultured in 
RPMI containing 15% FCS and SO lU/ml of rhll-Z Supematants showing 
reverse transcriptase activity > 50,000 cpm/ml were pooled, centrifuged at 
9125 for 20 mln (4 *C), clarified at 3,200p for 30 min (4 *C). The super- 
natant was then complemented with 1 0% of human serum ABO and frozen 
at -152 *C, Frozen vials (0.5 ml) were then tested to determine the tissue 
culture Infectious dose (TCID*) using CEMxl74 cells, C8166 cells and 
PBMCs from four naive macaques. 

To determine the MID** the viral stock was titered in eight monkeys by 
Intravenous inoculum of serial virus dilutions (S x 1 a* to S x 1 0-*), Infection 
was monitored by antibody response, plasma antlgenemia and vlremia, 
- virus isolation, proviral-DNA and CD4 T-cell counts. All these parameters 
were in the same range of those published* 7 and those from si* monkeys in- 
oculated.in our lab with the original virus stock from rhesus macaques. The 
MID» was then calculated according to Reed and Muench. 

Quantitation of the SHIV RNA copies in plasma. The quantitation of 
plasma SHW-89.6P RNA copies was done by the Chiron Corporation In the 
Chiron Diagnostics Reference Testing Laboratory (Amsterdam, the 
Netherlands) with a branched DMA signal amplification assay recognizing 
the pal region of the SIVmac strains as described 1 '. The cut-off value was 
1 ,500 RNA copies/ml; however, values less than 3,000 RNA copies/ml were 
not always reproducible. 
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Quantitation of STV provlral copies. DNA was extracted Tram whale blood 
(QIAamp Blood Kit Qlagen) and tested for amplification of the P-globln 
gene as described". To determine the number of 5IV provlral copies, semi- 
quantitative DNA PCR was done to amplify a 496-bp region of the gag gene 
of SftL-u, with primers and methodologies described'. 



Virus Isolation and cell associated viral load (cytoviremla). For virus iso- 
lation, CDS" T cell-depleted PBMCs (3x10°) were co-cultured with 1 x T 0« 
CEM x 1 74 cells in the presence of PHA (2 ug/ml) for 2-3 d and cultured for 
30-^0 d in RPMI 1640 containing 10% FCS, antibiotics and rhlL-2 (50 
lU/ml). The titer of p27 SIV-Cag antigen was determined twice a week. 

For cytoviremla, serial twofold dilutions of CDB-depleted PBMCs (1x 1 0* 
to 4.8 x 1 0 1 cells/well, in duplicate), were co-cultured with CEM*1 74 cells 
(1x10* cells/well) and assessed for the presence of p27 antigen production 
on day 12. The 50% endpolnts were calculated with the method of Reed 
and Muench, and results are expressed as the number of infected cells per 1 
x 10* PBMCs. 

Determination of antibodies against HIV-2/SI V and HIV-1 Env in plasma 
and in v/rro antibody production. Antibody titers against SIV were deter- 
mined by end-point dilution using an HIV-2 ELISA assay (Elavia, Ac- Ab-Ak II 
kit Diagnostic Pasteur, Paris, France). Antibodies against HIV-1 Env in ■ 
plasma were determined by HrV-1 Elisa assay (HIV-1 /HIV-2 Third 
Generation Plus; Ahboa, Chicago Illinois). ' 

For the in vitro antibody production assay, 2x10* PBMCs/well were 
seeded onto a 24-welI culture plate with 2^g/ml of PWM (Sigma) (ref. 59) 
and Incubated for 7 d. Supematants were then collected, centrifuged 
(3,200a. for 1 0 min) and tested for HIV-1 Env antibodies. 

Detection of p27 'antlgenemia'. Levels of p27 5IV-Gag protein were mea- 
sured In plasma by using an antigen capture EU5A assay (tnnofcest, 
Innogenetlcs, Zwijndrecht, Belgium) with a limit of detection of 20 pg/ml, 

CD4* and CD8" T-cell counts- Cltrated peripheral blood (BO-1 00 ul) was 
stained with phycoerythrin (PE)<onjugated monoclonal antibodies against 
CD4 (Biosource, Camarlilo, California) and with peridinin chlorophyll pro- 
tein (PerCPKonJugated monoclonal antibodies against CD8 (Becton- 
Dickinson, Mountain View, California) and analyzed with a FACScan 
cytometer and software (Becton-Dickinson, Mountain View, California) as 
described 8 . Isotype-matched PE- and PerCP-labeled antibodies were the 
negative controls. Absolute cell numbers were calculated from the blood 
cell counts. 
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Since cytotoxic T lymphocytes (CTLs) are critical for controlling hnman immunodeficiency vims type 1 
(HIV-1) replication in infected indrridnals, candidate HIV-1 vaccines should elidt virus-spedflc CTL re- 
sponses. In this report, we study the immune responses elicited in rhesus monkeys by a recombinant poxvirus 
racdne and the degree of protection afforded against a pathogenic simian-human inununodefldency vims 
SHIV-89.tiP challenge. Immunimtion with recombinant modified vaccinia virus Ankara (MVA) vectors ex- 
pressing SXVmac239 gag-pol and HIV-1 89.6 env elidted potent Gag-spednc CT L resp onses but no detectable 
SHJV-sperffic neutralizing antibody CNAb) responses. Following intravenous SHTV-89-fiP challenge, sham- 
vaccinated monkeys developed low-frequency CTL responses, low-tlter NAb responses, rapid loss of CD4* T 
lymphocytes, hiah-setpoint viral RNA levels, and significant chmcal disease progression and death in half of 
the «Trim»ig by day 168 portchallenge* In contrast, the recombinant MVA-vaccinated monkeys demonstrated 
high-freqnency secondary CTL responses, high-titer secondary SHIV^9^-spedflc NAb responses, rapid emer- 
gence of SHIV-a9-fiP-spedfic NAb responses, partial preservation of CD4* T lymphocytes, reduced setpoint 
viral RNA levels, and no evidence of clinical disease or mortality by day 168 postchanenge, There was a 
statistically significant correlation between levels of vacdne-elidted CTL responses prior to challenge and the 
control of viremia following challenge. These results demonstrate that immune responses elicited by live 
recombinant vectors, although unable to provide sterilizing immunity, can control viremia and prevent disease 
progression following a highly pathogenic AIDS virus challenge. 



A safe and effective human immunodeficiency virus rype 1 
(HIV-1) vaccine is urgently needed to control the worldwide 
HTV-1 epidemic, A number of recent studies have demon- 
strated the importance of virus-specific CDS**" cytotoxic T lym- 
phocytes (CTLs) in controlling HTV-1 replication in humans 
and gfrwiaw immunodeficiency virus (STV) replication in rhesus 
monkeys (18, 26, 27, 36). It is therefore widely believed that 
HIV-1 vaccine candidates should elicit potent virus-specific 
CTL responses in addition to neutralizing antibody (NAb) 
responses. 

Live, attenuated virus vaccines have been shown to generate 
CTL and NAb responses capable of controlling a number of 
pathogenic viral challenges (10, 40, 41). However, significant 
safety concerns .regarding this approach remain. Live, attenu- 
ated SIV vaccines have been shown to induce AIDS in neona- 
tal and adult macaques (4, 5). More importantly, humans in- 
fected with ne/-delcted HTV-1 have been reported to develop 
immunodeficiency and clinical disease (11, 14, 22). 

Other vaccine strategies capable of eliciting virus-specific 
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CTL responses are therefore being evaluated. Approaches that 
have generated considerable interest include plasmid DNA 
and recombinant live vectors. We have recently reported that 
plasmid DNA vaccination elicited high-frequency CTL responses 
that reduced setpoint viremia foDowing an SIVsmB660 chal- 
lenge in rhesus monkeys (12). We have also demonstrated that 
cytokme-augmentcd DNA vaccination elidted potent immune 
responses that effectively controlled viremia and prevented 
clinical disease progression following a pathogenic simian-hu- 
jnan immunodeficiency virus SHIV-89.6T challenge (6, 7). 

It remains to be determined whether other vaccination mo- 
dalities, in particular hve recombinant vectors, will provide a 
ftfmtl ar level of protection in monkeys challenged with the 
highly pathogenic virus SKV-89.6P (32-34). A number of 
recombinant live poxviruses have been evaluated for their util- 
ity as HIV-1 vaccine candidates. Safety concerns regarding 
vaccinia virus (31) have led to the development of a number of 
attenuated poxviruses as vaccine vectors, including NYVAC, 
fowlpax, canarypoz, and modified vaccinia virus Ankara 
(MVA) (8, 16, 28, 29. 37, 38). MVA is an attenuated form of 
vaccinia virus that has undergone 570 passages in primary 
chicken embryo fibroblasts and has genomic deletions that 
reduce its pathogenicity (23). We have recently reported that 
a recombinant MVAjgag-pol vaccine elicits STV-spedfic CTL 
responses in rhesus monkeys (37). Following a pathogenic 
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SIVsmE660 challenge, secondary CTL responses were de- 
tected associated with a partial control of viremia (38). Ia 
another study, vaccination with recombinant MVA/errv, MVA/ 
gag-pol, or MVAJgag-pol-errv constructs reduced plasma vire- 
mia and increased survival following an SIVsm£660 challenge 
(23, 29). 

In the present study, we investigate the ability of recombi- 
nant MVA vectors expressing STV gag-pol and HTV-1 env de- 
rived from the primary patient isolate 89.6 to elicit CTL and 
NAb responses in rhesus monkeys. We also assess the protec- 
tion afforded by these immune responses against a highly 
pathogenic SHEV-89.6F challenge, 

MATERIALS AND MEIHODS 

Construction of re*fl»binani MVA vectors. Open reading frames of 
5TVmacZ39 gag-pol and HTV-1 B9.6 env truncated at amino acid 738 were in- 
serted adjacent to the modified HS promotcx mine previously described plaanid 
tranflfcTvccton pLW-9 and pLW-17, rcsncctivety (42, 43). Recombinant MVA/ 
gag-pai and MVA/cnv vectors were each produced by homologous leuuwbma* 
tlon, IdcnQncd oy ixnnrarostamJns of live, infected cell rod. nod c lnnnH y isolated. 
The purity of each recombinant vbus was hhf?*?*** by PCR and fanmunostaxmng. 
Exprcssdon of the recombinant pioteini was ^mnm eA m A'mrnrra innprccroi- 
tBtiiyw. The paxhidian of Gag particle* and surface cxpi cuic-u sod fusion com- 
petence of ton expressed Eur proteins "wof o desoa&natedV 

Vaccinatum and challenge of rhesus monkey Eight ManwA *0l -positive 
xhesss monkeys were aelccicd for inclusion in this study (20). The monkeys were 
rmmnrnzed mtrwrniscnlflriy wim 10 s PFU of either control nenr rnn i tWnanl 
MVA (n = 4) or recombinant MVA vectors csxpr easing STV ga^pol and HIV-1 
89.6 srrv at weeks Q, 4, and 21 The monkcyi wcte challenged at -week 27 with a 
1^500 dflution (estimated 100 50% monkey infective doaca [NUDaJ) of the 
nneloncd ccO-fres SHTV-S9-6P stock (33 v 34) by the intravenous (Lv.) route. 
Monkeys -were maintained in «**rw*ow'«» with National I fwr l mrns of Health and 
Harvard Medical School guidelines. 

Tetramer graining. Tetnuoer staining was pexfonned with freshly isolated 
peripheral blood mononuclear cells (FBMC) from EDTA-antlcoasulatcd whole 
blood spcdmcnH as described (3, 21). Briefly, soluble Letroracrie Mamu-A*(n 
complexes folded around the STV (ja* pllC epitope (CI7YDJNQM) (1, 24) 
were prepared. One mierogram of phycrierythrin4abcled teCnxroeric Marau- 
A r 01/pUC tnmplrm; was used in oonjuncriDa with fluorescein iaolHocyanaiD- 
labeled ann-human CDSa (Leu2u Bectan Dickinson)* phycccetyihrln-TeKaa 
Red (HCB)-laheled ana-human CDftxB (2STS-5B7; P^'i Coulter), and 
ailophycocyanln-lahclcd anti-rhesus monkey CD3 (FN18) manoclouol antibod- 
ies to stain pllC-specific ODS* T ceDa. A total of 100 pi of whole blood from The 
vaccinated or control monkeys was chrectiy Itrined with these reagents* fysed, 
washed* and freed. Samples were analyzed* by fenxr -color flow cytometry wiib a 
Bccton Dic Uu&on FACS CalDmr system, and gated CDS 4 * CDSafJ" 1 " T ecus were 
examined far staining whh Ldramcxic Manzu-A*OI/pllC compLczca. 

CH, assays. Functional f-hmmrnTn release c yto tcc p ciiy assays were performed 
at described (6). Briefry, 5 X 10° washed FBMC f rom r hesus monkeys were 
cultured in the presence of 10 h-S of pllC peptide (CI?YCINQM)/ml (1, 24). 
On day 3 of culmre, 20 U of bi**m n recombinant interleoidn 2 (Hoffrnazm-La 
Rocie)/ml was added. On day 12 of cnlrnzB> pcpridc-sriirrpUrrrf FBMC were 
eentrifuged over FlcoH (FtcoQ-Poqaa) and assessed as effectors m atandard 4-h 
s> O w releaac assays con taming IP 1 target cellsArclL Aixtologoal B-lyraphoWas- 
toid ccd Hnes pulsed with 1 U£ of pllC peptide or pllB control peptide 
(ALS£OCTPYDrN)AnI and labeled overnight with "Cr (100 u.Ci/mI) «*» used 
as targets. To measure spontaneous release ctf^Cn, target cells were incubated 
with 100 ul of medium, and for xnaxmum release target ecus were incubated with 
100 pi of 25a Triton X-100. Percent lysis vat calculated as follows [(c^erbnen- 
tal release ~ spontaneous rclcaac)/(mannnunreieass — spontaneous release)] X 

ioa 

Neutralizing a&tfbo^y assays* Dctcnnrnanon of antibody titers capable of 
neutralizing SHTV-59.6 and SHZV-S9.6P was performed aa described (9). Briefly, 
reduction of vims-induced eytnpathic ^^"B of MT*2 cells was measured by 
Pinter's neutral red that is taken up by viable cells. A total of 50 p] of ccD-frcc 
virus containing 500 $0% tissue cnlcure infective doses aro«a in ^ iwnflw FBMC 
was added to multiple dilutions of test p^cma in 100 ul of growth media in 
triplicate. These wt im npi were J*^'**"^ for 1 h before the lddltion of 5 X 10* 
MT*2 Infection led to extetuavo synrytmm forma don and'vkus-Induced ecQ 
Jolting in 4 to 6 days in the absence of neutralizing anolxxtirt NentrauzanoQ 
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titers were calculated aa the reciprocal duulion of plasma required to protect 
50% of cells from virus-induced kflting, 

CD4* T-tymphocyte eountsi and viral RXA levels. CD4 m T-rymphocyte counu 
wen determined by urultxplyisg the total lymphocyte count by the percentage of 
CD3* Cbi^ T m*~**~* by flaw cytometry. Flasma viral UNA levels were 
measured by & real- time reverse transcriptase 7CR amplication assay with a 
detection limit of 500 copies/ml as described (17) nsmg gag primers and probes 
(35). 

Statistical BitsJyifia. Statistical ana^ysea were performed with GraphPad Prism 
version 2.01 (GraphPad Software, Inc.). CD4* T-rympbocyte counts and viral 
RXA levels were compared between groups by two-sided W3ce*on rank sum 
tests. Day 70 sctpomt vamca were chosen is order to analyze a ccmpJelo data set 
prior to the dead? of any ^"""^ Correlation of prechalleDge vaccbe-eUdted 
CTLs and day 7D postchallcnge sctpomt viral RNA levels was assessed by a 
tvo-sided Speaxznan rank umiSartm tut In ail eases, a P varac of <£0.05 was 
eonaldered sfgnxficant. 

RESULTS 

Vacdne trial de&isa. Bight rhesus rxioxOceys (A£ mulatto) 
expressing the major histocompatibiHTy complex class I allele 
Mamu-A *02 were selected for inclusion in this study (20). 
These animals were iiminTnf7! M * with the control noorecorjibi- 
nant MVA (n =» 4) or recombinant MVA vaccines expressing 
5IV gag-pol and HTV-1 env derived from the primary patient 
R5/X4 dual-tropic isolate 89.6 (n = 4). Animals received 10 s 
PFU mtramascularly of control or recombinant MVA vectors 
at weeks 0, 4, and 21. At week 27, all eight animals were 
challenged iv. with SHTV-g9.6?. This highly pathogenic virus 
was derived by in vivo passage of the nonpathogenic virus 
SHTV-S9.6 and has been shown to cause rapid CD4" T-tyrn- 
phocyte loss and gKnicfli AIDS in the majority of oaxve rhesus 
monkeys (7, 32-34). 

Vaccine-elicited immune responses. Staining CDS* T cells 
with tetrameric MHC class I-pepdde complaces followed by 
analysis by flow cytometry has proven to be an accurate 
method for anantitating epitopc-spedfic CTLs in freshly iso- 
lated whole-blood specimens without the need for in vitro 
lymphocyte stimulation (3, 21). CTL responses specific for the 
MamU'A *01 -restricted ixnmnnodrjnrmant STV Gag pllC 
epitope (CTPYDINQM) (1, 24) were measured by both tet- 
ramer staining and functional chromium release cytotoxicity 
assays. As shown in Fig. 1, pllC-spedfic CTLs were detected 
by tetramer staining in all vaccinated animals after the initial 
irnmunizatiazi. Higher levels were observed 1 week after the 
week 4 and week 21 boost mimunizaxions, reaching a maxi- 
mum of 0,2 to 0.8% of circulating CD3 + CDS" T cells. Levels 
of CTLs following the second and third immnnizations were 
comparable, consistent with the findings in our previous study 
of CTL responses elicited by recombinant MVA vectors in 
rhesus monkeys (37, 38). Following each boost immunization, 
there was a rapid expansion of pllC-specinc CTLs followed by 
a rapid decline to steady-state plateau levels of 0.1 to 0-3% of 
circulating CDS"*" T cells that persisted over time. Tetramer 
staining specific for the subdominant HTV-1 £nvp41A epitope 
(YAPP1SGQI) (13) was only detected in one animal (H507), 
and no tetramer staining specific for pllC or p41A was ob- 
served in the monkeys that received the control MVA (data 
not shown). As shown in Table 1, functional crrrorruum release 
cytotoxicity assays connrmed these tetramer staining data* No 
NAb responses specific for SHTV-89.6 or SHIV-89.fiP (<1;20 
titer) were detectable in the control or vaccmated animals at 
peak immunity or prior to challenge (data not shown). 
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Weeks After Primary Immunization 

PIG. 1. Vaccine-elicited CTL response*. Mamu-A *02 -positive 
monkeys were Jnimuiuzed at weeks 0, 4, and 21 with recombinant 
MVA constmctfi expressing STVgag-pol and HIV-1 env. Vaccine- 
elicited CDS* T-cell responses specific for the immunodominant STv 
Gag pll C (CTPYDINQM) epitope (1, 24) were measured by Tetramer 
staining of frc&hly isolated PBMC (3, 21). Tie percent CD3+ CDS T 
cells that bound the Mamu-A'01/pllC tetramer is shown. Arrows 
indicate nines of i 



Iwmmip responses following challenge. Six weeks after the 
final boost immunizations all eight animals were challenged Lv. 
with 100 MID & of cell-free SH3V-89.6T\ All animals were 
infected by this highly pathogenic viral challenge. As shown in 
Fig. 2, the control monkeys developed primary pllC-specific 
CTL responses, reaching a irwfrirmiin of 0.2 to 2% of circulat- 
ing CD8" 1 " T cells on day 14 after challenge. In contrast, the 
vaccinated monkeys developed higher secondary pllC-spccific 
CTL responses, reaching a marrirmun 0 f 7 to 20% of circulating 
CD8 + T on day 14 after challenge. As shown in Table 2, 
the results of functional chromium release cytotoxicity assays 
confirmed these tetramer staining data. 

NAb responses specific for both SHIV-89.6 and SHIV-$9.6P 
were assessed in MT-2 cell-killing assays (9). As shown to Fig. 
3A, no SHEV-89.6-spccific NAbs were detected in the plasma 



TABLE 1. Vaccine-elicited CIL responses" 
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Tcttanicx hddm£ 



F«ah 
PBMC 



Stimulated 
PBMC 



cyTotmddiy 
(stimulated PBMC) 



Control MVA 
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0.0 
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0.0 
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0.0 


• 0 
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0.0 
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Recombinant MVA 






37 
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0.5 


17 
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26 
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39 


61 
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functional cytotoxicity aways ax week 22, wWch la 1 week following the third 
inummxzatiea. The percent CD3* CDS T cella thai bind ictruner la. shown f arthc 
tctraxoer asaaya. The percent spedflc lysis at a 5:1 effector- Co-target ratio is shown 
£br ihc cyioiaodchy assays. 
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PIG. 2. Secondary CTL responses following challenge. Monkeys 
were challenged with SHTV-S9.6P by the Lv. route on day 0. CD8"" 
T-cell responses specific for the STV Gag pllC epitope were deter- 
mined by tetramer staining of freshly isolated PBMC at multiple rime 
points (3, 21). The percent CD3* CDS* T cells that bound the Mamu- 
A'OVpllC tetramer is shown. 

of the control animals, except for a low titer in monkey H547 
on day 70 after challenge. In contrast, SHIV-89.6-specific 
NAbs were detected in the plasma of two vaccinated animals 
on day 14 after challenge, and high-titer NAbs (1,350 to 
10,804) were observed in the plasma of all four vaccinated 
animals on day 21 following challenge. This rapid evolution of 
high-titer NAbs is consistent with a secondary SHTV-89.6-spc- 
rffir NAb response that was primed by the vac c in e. 

Since NAbs generated by SHIV-89.6 infection exhibit poor 
arcs-neutralizing activity against SHTV-89.6P (9, 25), the vac- 
cine expressing HIV-1 Env 89.6 would not be expected to 
prime for SH3V-89.6P-specific NAbs. As shown in Rg. 3B, only 
two control monkeys (H544 and H547) developed SHTV- 
89.6T-spedfic NAbs by day 42 after challenge. Surprisingly, all 
four vaccinated monkeys developed SHIV-89-6P-spedfjc NAbs 
between days 21 and 42 after challenge. The six animals that 
developed detectable SHZV-89.6T-specific NAbs had similar 
peak titers. 

CD4 counts, viral RNA levels, and clinical disease progres- 
sion. As shown in Fig. 4, the control monkeys developed a 
rapid and profound loss of CD4 + T lymphocytes between days 
7 and 21 after challenge. Monkeys H549 and H561 demon- 
strated a complete loss of their CD4 + T lymphocytes, whereas 
H544 and H547 had significant but incomplete losses of their 
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TABLE 2, CTL responses following dhaflengC 




Totnuncx binding 


Functional 


Vaccination and monkey 


Fresh 
PEMC 


Stimulated 
PBMC 


cytotoxicity 
(stmxiilated PBMC) 


Control MVA 








H544 
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H547 
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19 


22 


E561 


1.7 
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11 


Recombinant MVA 






29 


T119 


7.5 


48 


K500 


3.9 


49 


37 


H507 




SB 


34 


H511 


2.5 


42 


28 



- STV Gag pllC*pcrii5c CDS* T-ccH responses aa measured by tctramcr 
staining of freshly isolated and pcptide-stimulated PBMC and ebaomnmi release 
functional cytotcoridiy assays at day 17 after challenge- The percent CD3 T CPS 
f-rTk that bind tctramcr is shown fox the tctramer assays. The percent specific 
fyxii at a 5:1 cffccror«to- target ratio is shown for the cytotadoty assays. 



CD4* T lymphocytes. In the vaccinated a nimal.% monkeys 
H500 and HSU had completely stable CD4* T-rymphocyte 
counts, -whereas monkeys T119 and H507 exhibited partial 
declines in CD4 h T-lymphocyte counts by day 168 after chal- 
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lenge. On day 70 after challenge, a time by which the secpoint 
of viral replication is reached in SHIV-89.cT-infectcd rhesus 
monkeys, the CD4'*" T-lymphoeyte counts in the vaccinated 
monkeys were agmficantly higher than in the control monkeys 
(P = 0.028 by a two-sided WHcoxon rank sum test). 

Wc next measured plasma viral RNA levels in the monkeys 
by a real-time amplification assay with a detection limit of 500 
copies/ml (17, 39). As demonstrated in Fig. 5, the control 
monkeys developed high levels of peak primary viremia, reach- 
ing 5.4 x 10 7 to 3.8 X 10 s copies/ml on day 10 or 14 after 
challenge. In the vaccinated monkeys, peak primary viremia 
was slightly lower, between 44 X 10 6 and 1.4 X 10 s copicsAnl. 
On day 70 after challenge, all the control animals had high- 
setpoict viral RNA levels of 1.2 X 10 4 to 5.9 x 10 s copics/mL 
In three of the four vaccinated monkeys (T119, H5Q0, and 
HSU), setpoint viremia was below the limit of detection of the 
assay (<500 copies/ml), Setpoint viremia in monkey H507, 
however, remained high. Interestingly, this animal had the 
lowest levels of vaccine-elicited CTL* prior to challenge. A 
trend toward a reduction in setpoint viremia was observed in 
the vaccinated ariimals compared with the control monkeys 
(P = 0.11 by a two-sided Wilcoxon rank sum test). The vacci- 
nated «"*Ttfllg had a 2.0-log reduction in geometric mean viral 
RNA levels after setpoint compared with the control animals. 
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B. SHIV-89.6P 
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FIG. 3. NAb responses following challenge. Plasma antibody titers capable of neutralizing SHTV-S9.6 (A) and SHIV -89.6F (B) were measured 
by MT-2 ceH-kUUng assays at multiple lime points (9). 
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HG. 4. CD4- T-tymphocyie counts following chulleiige. CD4* T- 
lymphocyte counts in peripheral Mood were determined by multiplying 
the total lymphocyte count by the percentage of CDV CD4* lympho- 
cytes at multiple rime points. 



Significant clinical disease progression was observed in the 
two control animals (H549 and H561) that had complete de- 
pletion of their CD4"" T lymphocytes, persistent high viremia, 
and no SHIV-89.6T-specific NAbs. These two animals died at 
days 126 and 168 after challenge. In contrast, all the vaccinated 
animals remained healthy without evidence of clinical disease 
or mortality by day 168 after challenge The rapid development 
of clinical AIDS and mortality in the control animals is com- 
parable with our previous experience with 5±±lV-89.aT-in- 
fected monkeys (7, 34). 

Immune correlates of protection. A scatter plot of data 
shown in Fig. 6 demonstrates a signrBcanl correlation between 
prcchalleoge vaccine-elicited plateau-phase pllC-spedfic CTL 
rcsponses determined by tctramer staining and day 70 post- 
challenge setpoint viral RNA levels (? = 0.03 by a two-Sided 
Spearman rank correlation test). This correlation is analogous 
to the correlation we observed in our recent study of immune 
responses and the protective efficacy elicited by DNA vaccina- 
tion (7). 

DISCUSSION 

Xn this study, virus-specific ^m r nTlne responses were elicited 
in rhesus monkeys using recombinant MVA vectors expressing 




60 80 100 120 140 
Day After Challenge 

FIG. 5. Viral RNA levels following challenge. Plasma viral RNA 
levels were determined at multiple time points by a real-time amplifi- 
cation assay -wim a detection limit of 500 copies/ml (17, 39). f , death of 

the awfrnal- 



SIV gag-pol and HTV-1 89.6 en v. The kinetics and magnitude of 
the vaccine-elicited STV Gag cpitope-spedfic CTL responses 
were comparable to those observed in our previous study of 
recombinant MVA-vacdnated rhesus monkeys (37, 38). The 
levels of vaccine-elicited CTL responses in the present study 
were also comparable to those elicited by plasmid DNA vac- 
cination in our prior studies, but were lower than those elicited 
by cytokinc-augmented DNA vaccination (6, 7, 12). 
As we reported previously (7), there was a statistically sig- 
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FIG. 6. Correlation of prechallcugc vacdne-cUdtcd plateau-phase 
pllC-spcdflc CTL responses as determined by tctramer staining and 
day 70 postchallengc setpoint viral RNA levels (P = OD3). 
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nificant correlation between levels of prechallcnge vaccine- 
eHcited plateau-phase CTLs and setpoint vircmia following 
challenge. The asymptotic appearance of the data from the 
scatter plots to both of these studies suggests that a level of 
vaccine-elicited plateau-phase CTLs may exist above which 
little additional benefit is obtained after challenge. The pre- 
challenge plateau-phase CTL population presumably repre- 
sents the vacdne-elidtcd memory pool of CTLs which expand 
upon exposure to virus to become functional effector CTLs. 
The correlation observed between levels of prechallenge pla- 
teau-phase CTLs and the. control of viremia following chal- 
lenge highlights the importance of CTLs in controlling AIDS 
virus replication. 

Following the SHTV-S9.SP challenge, secondary SIV Gag 
epitope-specific CTL responses. were clearly evident in the 
vaccinated animals. The secondary CTL responses were max- 
imal on day 14 and then rapidly declined to steady-state pla- 
teau levels. The magnitude of the secondary CTL responses 
following viral challenge reflected both the levels of vacdnc- 
efidtcd CTL responses as well as the levels of viral antigen 
driving these responses. The vaccinated monkey that was un- 
able to control viremia (H507) had persistently high levels of 
tetraraer-binding CD8"* T cells following challenge,, likely re- 
flecting the high levels of antigen present in this animal 

KAbs specific for SHIV-89.6 and SHTV-S9.6P were unde- 
tectable in the vaccinated monkeys at The time of peak vacdne- 
eficited immunity or on the day of challenge. However, high- 
titer SHIV-S9-6-spedfic NAbs were detected in the vaccinated 
animals within 3 weeks after challenge. Since SHIV-89.6-spe- 
cificNAbs are rarely detected in naive anima ls prior to 6 weeks 
following infection with SHIV-89.6 or SHTV-S9.6P (9, 34), the 
SHTV-89.6-specific NAb response observed here was most 
Klccly an anamnestic response primed by the vaccine. This 
secondary NAb response following challenge was presumably 
elicited by either shared epitopes between the Env 89.6 im- 
jemmogen and the Env 89.6P on the cha llenge virus or a minor 
SHIV-89.6 quasispecies present in the SHIV-S9.6P challenge 
stock. 

NAbs specific for SHIV-89.6P were detected by day 21 to 42 
after challenge in the vaccinated monkeys and considerably 
later or not at all in the control monkeys. It is unclear if the 
earlier emergence of SHTV-S9.6P-specific NAbs in the vacci- 
nated animals reflected de novo generation of NAbs facilitated 
by the preserved CD4+ T-eeE help in these animals, affinity 
maturation of the SHIV-89.6-spccific NAbs, or a secondary 
NAb response that was primed by the vaccine. This last pos- 
sibility is perhaps least likely, since SfflV-89.6-specific NAbs 
have poor neutralizing activity against SHTV-S9.6P (9, 25). 
Regardless of the mechanism, these -data demonstrate that the 
rapid emergence of NAb responses specific for a highly patho- 
genic primary isolate-like challenge vims did not require im- 
munization with a completely homologous Env construct. 

On day 14- after challenge, at the time of peak primary 
viremia, secondary CTL responses were maximal and SHIV- 
89.SP-spcrific NAbs were undetectable, suggesting that the 
initial control of primary viremia in the vaccinated animals was 
mediated predominantly by CTLs. The subsequent control of 
viremia, however, likely reflects the effects of both cellular and 
humoral immune responses. In our prior study utilizing MVA 
vectors expressing env smH-4 and the related challenge virus 
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SIVsmE660, the monkeys vaccinated with MVA/env devel- 
oped secondary SIVsmH-4-spedfie NAbs after SIVsmE660 
challenge but no convmdng secondary STVsmE660-specific 
NAbs (28, 29). It is possible that the absence of augmented 
SIVsmE6c^spedfic NAbs following challenge accounted for 
the observation that MVAjgag-pol, MVA/env, and MVA/gag- 
pol-env vaccinations all provided comparable partial control of 
viremia in that study. 

A significant limitation of the present study is the small 
number of monkeys, which precluded a statistical comparison 
of ^ijgi'cal disease end points and mortality. However, follow- 
ing the SHIV-S9.6P challenge, the control animals developed 
low-frequency CTL responses, low-titcr NAb responses, rapid 
loss of CD4 + T lymphocytes, high viral RNA levels, and cEn- 
icsl disease and death in two of the four animals in this group. 
The monkeys that received the recombinant MVA vaccines 
developed high-frequency CTL responses, high-titcr NAb re- 
sponses, partial preservation of CD4 + T lymphocytes, reduced 
viral RNA levels, and no evidence of cffpiral disease or mor- 
tality by day 168 after challenge. The 2.0-log reduction in mean 
setpoint plasma viremia observed in this study is similar to the 
1.9-log reduction we have reported in SHIV-89.6P-chaUengcd 
monkeys using plasmid DNA vaccination, although it is less 
striking than the 3.D4og reduction achieved using cytokine- 
augmentcd DNA vaccination (7). The results of the present 
study are also comparable with die results we obtained with 
recombinant MVA vaccination in conjunction with an 
SIVsmE660 challenge (37, 38). 

The degree of protection achieved against SHTV-89.fiP-in- 
duced AIDS by recombinant MVA vaccination and plasmid 
DNA vaccination should not be interpreted as evidence that 
SHTV-89.fiP-mduced disease is easy to ameliorate. In fact, sev- 
eral other vaccine modalities, including purified recombinant 
proteins and synthetic peptide vaccines, provide no discernible 
protection against SHTV-S9.6P vircmia or clinical disease pro- 
gression in similarly conducted vaccine trials with rhesus mon- 
keys (N. L. Lctvin et aL, unpublished data). The fact that 
SHIV-89.6P infection rapidly leads to immunodeficiency and 
AIDS in The majority of control monkeys makes this a useful 
challenge model for assessing the ability of vaccine candidates 
to provide protection against clinical disease progression in a 
relatively short time frame. 

It is hTcely that a number of vaccine approaches will ulti- 
mately prove to have comparable efficacy in eliciting immune 
responses, controlling vircmia, and preventing clinical se- 
quelae of an AIDS virus infection. Such approaches are likely 
to include recombinant live vectors (38) 7 plasmid DNA (7), 
and prime-boost approaches that involve boosting a DNA- 
primed immune response with a recombinant live vector (2, 15, 
19, 35), Many of these vaccine strategies will be tested for their 
utility in humans over the next several years. If viral replication 
is similarly reduced in vaccinated humans who are subse- 
quently infected with HTV-1, such individuals may demon- 
strate slowed disease progression and decreased HTV-1 trans- 
mission rates (30). Thus, a vaccine that elicits immunity that is 
not sterilizing but capable of reducing HIV-1 UNA levels fol- 
lowing infection may still provide substantial rtinical benefits to 
human populations. 
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